H?eh^8t?enFth composite material comprises alumina- and 
i%£2fiL fib^einforced metoln^ cast iron 

TOYOTA JIDOSHAKK °2.05.85-JP-094878 

U22 (11.11.89) C22c-Ol/09FV2f-03F16c-33/24 

02.05.85 as 094878 (29TM) Ma . , rPinforced with 

f Hp ist material is a composite of a maetal matrix reiniorcea WJ wi 
^hrid ^m^terial Comprising alumina fibre and alumina-silica fibre 
?2J ^MtwW is cast iron. The alumina fibre comprises 
AU02 ^aUeasTlS wL*) and balance of Si02. The alumina - silica 
fib^^comprtse^ T A^OS (35 -65 wt.%). Si02 (0 - 10 wt.<*> and other 

m Th 3 e ri composite material has non-fibre particle: 17 or less wWn 

wt<* The metal matrix comprises Al, Mg. Cu. Zn, Pb, »n jneir 
aUo£s eS alumina includes alpha alutnina (W > ^;*>y^& 
The vol. of the alumina fibre in the hybrid is 2 5-50 * of hybrid fibre 
is 1-2505- and of alumina -silica fibre is up to 22.5%. ^„^u 
ADVANTAGE - The combination provides excellent strength. 
riglSTy- rn^cMnability and resistance to abrasion at lower cost. 
Used for engines etc. (I7pp Dwg.No.0/14) 

N86-250966 . 
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Abstract 



1. Four-cylinder internal-combustion engine having two cylinders <1/2, 11/12) at a time arranged in 
pairs and coaxlally opposite, the longitudinal axes(L1/L2 ( L11/L12) of the two cylinder pairs {1/2 ( 
11/12) being arranged at an angle of 90 degrees to each other, having a transmission device to 
convert the transiatory movement of the pistons (3/4, 13/14) which slide in the cylinders (1/2, 11/12) 
and their piston rods (5/6, 16716) connected rigidly to them into a rotatory movement of an output 
shaft (21), comprising two frame parts (7, 17) arrm^od consecutively in the direction of the 
longitudinal axis (23) of the output shafty (21 ) and each associated with a cylinder pair (1/2, 1 1/12), 
to each of which two piston rods (5/B, 15/16) of a cylinder pair (1/2 ( 1 1/12} am fastened Immovably 
by their ends remote from the pistons (3/4, 13/14) and which each exhibit a straight sliding block (8, 
18) extending at right angles to the longitudinal axis (L1/L2, 11 1/112) of the respective associated 
cylinder pair (1/2, 11/12), end an eccentric part of the output shaft (21) having a longitudinal axis (24) 
parallel to its longitudinal axis (24) parallel to its longitudinal axis (23), which slides in the sliding 
blocks (8, 18) of both frame parts (7, 17), and having at least one balance weight (22), characterized 
in that the output shaft (21) is constructed as a crankshaft (21 ) and the eccentric part (10) as a crank 
pin (10), mat the two cylinder pairs (1/2, 11/12) are arranged consecutively fnthe direction of the 
longitudinal axis (23) of the crankshaft (21 ) and that balance weights (22) diametrically opposite the 
crank pin (10) are provided at both ends of the latter for a virtually total compensation of the 
reciprocating masses, the balance weights (22) corresponding to an effective radius of the mass, 
corresponding to the crank radius of one the two masses of one of the two cylinder pairs (1/2, 1 1/12) 
in transiatory motion. 
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Description 

j Mehrzy (inder-Brennkrafllcoibenmaschine Die Erfindung bezieht sich auf eine Mehrzyfinder- 

j Brennkraftkolbenmaschin© nach dem Oberbegriff des Patentanspruches 1 . 

] Durch die DE-PS 241 530 ist eine Mehrzylihder-Brennkraftmaschine bekanntgeworden, deren vier 

j Zylinder in einer Ebene befindiich angeordnel sind, wobei die Arbeftskoiben jeweils zweier 

j nebeneinander Jiegender blinder durch jeweils einen Kurbelschieifenrahmen gekoppelt sind. Dabei 

: sind die beiden Kufbeisehlefltenrahmen koaxial zueinanderliegend angeordhet und ihre Kulissen 

: befinden sich in deckungsgieicher Anordnung, so dass die vier Arbeitskolben der paarweise 

! gsgenGbertlegenden Zyfinder sich stets in gie/cher Richtung bewegea Dieser Glelchlauf aller vier 

5 Arbeitskolben mit den Kurbelschieifenrahmen bedingt jedoch grosse bewegte Massen In einer 

Richtung, was wiederum grosse Ausgleichsmassen erfordert Damit erhfcht sich das Baugewicht der 

Maschinen mit alien nachtetligen Begleiturnstandert 

Sei MehrzyHnder^Brennkfaftmaschinen, deren Kolben uber ubliche Pleuel auf die Kurbelwetfe 
waisen, erfordert jeder Kolben einen eigenen Kurbeizapfen inherhaib der Kurbelwelle, so dass sich 

; sehr schnell eine grosse Baulartge fQr die Kurbelwelle mil den daraus resultierenden 

Schwierigkeiten bei ihrer Lagerung ergibt. Ausserdem )si die Herstel/ung solcher vieffach gektfpfter 
Kurbefweilen teuer. Auch wird die Baulange des gesamten Motors gross.rFemer sind zwei Zyiinder- 
Brennknaftkolbenmaschtnen mil achsgleich geoen- uberiiegend angeordnsten ArbeitszyJindern ais 
sog. Boxermotore bekannt, deren hin- und hergehende Arbeitskolben uber eine starre 

; Kolbonstange mit dem mittig geiegenen fCurbelschleifentrieb Irinematisch gekoppeft sind; vgl. 

; DE-PS 409 919. Sie sind gegcnuber Mehrzylinder-Brennkraft koibenmaschinen mit herKemmiichem 

Pleuel-Kurbelirieb vorteilhaft So warden durch die Kinemetik des Kurbefschleifeniriebes die 
j Verweilzeiten im oberen und unteren Totpunkt verlangert. was sich gQnsf ig auf die Spul- und 

tadungsvorgSnge und den Verbrennungsabiauf auswirkt. Femer ermoglicht die geradf inige 
; Bewegung der beiden Kofbenstangen eine wirkungsvolie Abdichtung des Zylinderraumes 

; gegenuber dem Kurbeigehause durch Trenriwandd, die nur von den Kofbenstangen durchseizt 

j warden, deren Lagerungen relativ einfach abgedichtet werden kGnnen. Dies© Trehnwande bewirken 

l ausserdem eine steife Bauart fur das Motorgehause, und die am Kurbelschlerfentrieb auftrelenden 

dynamischen Kr§tte kOnnen im Moiorengehause probtemios aufgenommen warden. Auch werden 
die Reibungskrafte insgesamt dadurch verrlngert, dass der Kurbelschieifenrahmen selbst nfcht 
gelagert zu werden braucht. Durch alia diese Massnahmen verkurzt sich d*e motor ische Bauiange 
Die wirksame Abdichtung des Innenraumes des Kurbelschieifentriebes gegen uber den 
ZyJinderraumon mit deren chemisch aggressivem Kiirna erhohi die Lebensdauer der 
Brennkrattmascftine. 

Die Erfindung hat sich die Aufgabe gestelJt. durch eine neue Bauform der genannten 
Boxermotorgattung weitere, kcnzepiionelfe Verbesserungen zu erreichen, insbesondere unter 
Artwendung des Boxer-Prinzips Mehrzylinder-Brennkraftmaschinen zu schaffen. 

deren Ober starre Kolbenstangen miteinander gekoppelten Kolben mfiglichst auf elmn 
Kurbejza,pfen wirken kdnnen. 

Dies© Aufgabe M gemass der Erfindung durch die in den PalentansprQchen niecterpeleoten 
Merkmale geldst tf 

Durch die Erfindung wird also auf verbluWend einfache Weiss eine kompakte Ivtotorbauwaise 
erreicht und warden erne Vielzahl von Lagersteiien eingespart, wodurch sich das L<» stungsoewicht 
verbessert und das BauvoJumen verkleinert. dabei insbesondere die Baulange verkurzt Ausserdem 
werden konstruktive Vereinfachungen In bezug aufdeh Kurbeiabtneb erziefc, was auch die 
Motorfertigung verbiJifgt, da nur eine KurbelwelienkrOpfung mit einern Kurbelzapfen fDr einen 
Vierzyiindermotor erfbrdertich ist. Durch die bauliche bzw. k)ne~ matische Trennung der beiden 
Kurbelschieifenrahmen far jedes gegenOberiiegende Arbeiiskolbenpaar und insbesondere die 
slemformige Anordnung der beiden Arbeitszyiinderpaare eriblgen bel elnem t^irbelwellenumlauf 
bestimmte Gegentaufigkeiten der beiden senkrecht zueinander bewegten Massen so dass ein 
teifweiser Massenausgteich zwischen diesen beiden Massensystemen auttritt 

Die Ausgleichsmassen kannen verringert werden und die Laufruhe der Brennkraftmaschine 
fi!e://F:\l Web DownLoads\patents\Petcrs downloads ...\DE 3447663 Description Lhtm 1 8.07.2000 
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; % ur ~ 2 J fw 8 r « nn ^^nasrf*>o naeh Figur 1in einer zur ersten Schnittebene norallelen Sehnitt 

ebene^durch zweite Paar deraGhsgteich gegertfcerliegenden ZyXr^d 

j bS^S^SS 9 einen Q ^ ChnmdUrCh *>" ^^bereich der 

achsgleich flesenuberliegen. In ihnen laufen Arbeitskoiben 3 und 4, an d^en^lbemtenten 5 und 
SSSSff? nl; ! ^ er . be,d t n Arbenszylinder 1 und 2 gerichfel ist In der Rulisae B bowegt sich eta 

Kr2!^^?^ aaf be ^ t f h ^ 8mass Rgur 2 aus *n'Wden Arbeilszyiindern 1 1 und 12, die 
ebenfaiis achsgteich gegon Gberiiegea in ihnen laufen Arbeitskoiben 13 und 14 an denen 
Kobenslangen 15 und 16 starr befestigt sind Diese sIMandttersete mil einem 
Kurbeis^bifenrahmen 17 fest verbunden, der etna geradlinlge Kulisse 18 einschlfesst deren 

In der Kuiisse 18 bewegt sich ein Gieitstein 19, derebenfaffs auf dem Kurbelzapfen 10 des 
Ku^eitnebes 20 drehbar gelagert 1st Die beiden LSngsacfeen L8 und L18 der beiden Kufissen 8 
und 1 8 kmuzen sich ebenfalis senkrecht. 

Wie aus ; Figur 3 zu entnehmen ist t liegen beide Kurbaischleifenrahmen 7 und 17 nebeneinander auf 
dem Kurbelzapfen 10 des Kufbefablriebes 20. Die Lagerung der Kurbelwelie 21 ist da hlchtzur 
Erfmdung gehSrig, wader beschrieben noch naher dargestellt. 

Nimmt ntan die Drehrlchtung R des Motors in Uhrzeigersinn an, so bewegen sich die bekien 
Arbeitskoiben 13 und 14 nach rec*its oben f watyend sich die beiden Arbeitskoiben 3 und 4 nach 
rechis unten bewegen. Diese Bewegungen werden fcber die Kurbelschieifen 7 und 17 auf den 
Kurbelzapfen 10 der Kurbetwelfe 21 ubertragen, der dadurch eine Drehbewegung aufgezwurtden 
wird, 

Wie aus der vorstehenden Beschrefbung der neuen Brennkraftmaschine sofert zu ersehen 1st hat 
der durch die gewShite Anondnung von zwei Kurbei schieifen auf einen Kurbelzapfen erzieffe ' 
Gieichiauf alter vier Arbeitskoiben den vorteif, daas die Ausgleichsmasse der der sich trans latorisch 
bewegenden Masse einer Obtichen Zwei-Zylinder Einheft entspricht. Dadurch ist die FHehkmft in 
jeder Kurbelwellensteliung genau so grosse wie die resullierende Masse von zwei Zwei-Zylinder- 
Etnheiten. Es verbieibt lediglich eine Restmassenkraft, resultierend aus dem geringen Absiand der 
urn 900 vesetzt angeprdneten Koibenstangen und der sich mii diesen Iransfatorlsch beweoenden 
Massen. 

Dieser Vorteit wird auch dann erzieit, wenn mehr a!s vier Zylinder, nfimlich Jeweils das geradzahliae 
Vieifache von zwei t auf eine einzige Kurbelwefle in der beschriebenen Art und Weise wirken die 
dann die ents^echande Anzahl von Kurbelzapfen aufweisen muss. 
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Claims 



PATENTANSPROGHE 

1 . (^hrzyiinder^Brennl^aftkolbdnmaschlne, deren Arbeitszylinder jeweils paarweise uhd achsgleich 
gegenuberliegend angeordnet sind, mit Kurbdlschleffentr ieb zur Umwandlung der 
Translationsbewegung a^r Arbeitskolben und deren starr mil ihnen verburtdonen Kofbenstangen in 
Rotationsbewegung des Kurbelabtriebes, wobei jeweils zwei Kolbenstangen mit ihren tnneren 
Hndeh am Kurbetschleifenmhmen unbewegiich befestigt sind/in dessen geradliniger, senkrecht zur 
LSngsachse des Arbeitszyiinderpaares vertaufenden Kulisse der Kurbelzapfen des Kurbeiabtriebes 
gteitei, dadurch gekennzeichnet, dass aufjedem Kurbelzapfen (10) die Kulissen (8 uhd 1 8) 
Jeweils *weier Kurbelschleiferwahmen (7 und 17) laufen, die zur Vertiindung jeweils zweier 
gegenQbediegender Arbeitskoiben (3 und 4 sowie 13 und 14) von vier in AchsricTUung 
hiniereinander angeordneten Arbeifcszyiindern (1 und 2 sowie 11 und 12) dienen, und dass die 
tangsachse der Kurbelwelie und damii auch des Kurbetxapfens (10) in Rtchtung der hiniereinander 
angeordneten Zylinderpaare (1 und 2 sowie 11 und 12) vertauft, mit HinlereinafKlefanordnung auch 
der einem jeden Zyiinderpaar mit achsgleich gegenuberiiegenden Zylindern (1 und 2 sowie 11 und 
12) zugeordneten Kurbeischleifenrahmen (7 und 17). 

2. Mehrzylinder-Brennkraftkolbenmaschine nach Anspruch 1, dadurch g ekennzelchnet, 
dass die LSngsachsen (L1 , 2 und Lit, 1 2) jeweils zweier gegenubertiegendor Arbeilszyiinderpaare 
(1 und 2 sowie 1 1 und 12) einen Wihkel von 900 ein schliessen und sich kreuzen und die 
LSngsachse (18 und L18) der autdem Kurbelzapfen (10) gleltenden Kulissen (8 und 18) der beiden 
hiniereinander angeordneten Kurbelschieifenrahmen (7 und 17) senkrecht zueinander gerichtet 
sind und sich dabef kreuzen, 

3. Mehrzyrinder-Brerrikraftkolberuriaschine nach Anspaich 1 , dadurch g e k e n n z e t c h n e t , 
dass mehrere jeweils das geradzahllge Vieifache von zwei bildende Arbeitszylinder-Einherten (1/2, 
1 1/12) einer Kurbelweiie (21) mit einer enisprechenden Anzahi von Kurbei zapfen (10) zugeordnet 
sind. 
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Description 

Multiple-cylinder internal combustion piston engine. The 
invention relates to a multiple-cylinder internal combustion 
piston engine according to the preamble of Claim 1. 

DE-PS 241 538 has made known a multiple-cylinder internal 
combustion engine the four cylinders of which are disposed in 
one plane, with the working pistons of each two adjacent 
cylinders respectively being coupled by a Scotch yoke. Thereby 
the two Scotch yokes are disposed in a coaxial position 
relative to each other and their connecting members are in a 
congruent arrangement, so that the four working pistons of the 
cylinders lying opposite each other in pairs always move in 
the same direction. This synchronism of all four working 
pistons with the Scotch yoke however causes large moved masses 
in one direction which in turn requires large balancing 
masses. Thus the constructive weight of the engine increases, 
with ail attendant adverse circumstances. 

With multiple-cylinder internal combustion engines the pistons 
of which point toward the crankshaft via conventional 
connecting rods, each piston requires its own crank pin within 
the crankshaft/ so that there quickly results a large 
constructive length of the crankshaft with the resulting 
difficulties in supporting it. Additionally, building such, 
multiple-crank crankshafts is expensive. Also, the 
constructive length of the entire engine becomes large. Known 
further as so-called flat engines are two cylinder internal 
combustion piston engines having axially equidistant ly opposed 
working cylinders, the reciprocating working pistons of which 
are kinematically coupled by means of a rigid piston rod with 
the centrally situated Scotch yoke drive; cf* DE-PS 409 919. 
They are advantageous compared to multiple-cylinder internal 
combustion piston engines having a conventional connecting 
rod-crank drive. Thus the dwell time in the top and bottom 
dead centre is increased by the kinematics of the Scotch yoke 
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drive, something that has advantageous .consequences: for the 
scavenging and charging processes and the course of 
combustion. Furthermore, the rectilinear movement of the two; 
piston rods enables an effective sealing of the cylinder 
5 cavity against the crankcase by means of bulkheads that are 
penetrated only by the piston rods, the bearings of which can 
be sealed relatively simply. These bulkheads additionally 
result in a stiff construction of the engine case, and the 
dynamic forces occurring at the Scotch yoke drive can be 

10 absorbed without problem in the engine case. Friction forces., 
too, are overall reduced, since the Scotch yoke itself does- 
hot need to run in bearings. By all these measures, the 
constructive length of the engine is reduced. The effective 
sealing of the interior space of the Scotch yoke drive against 

15 the cylinder cavities with their chemically aggressive climate 
increases the life of the internal combustion engine. 

The task the invention has set put to achieve, by means of a 
new embodiment of the mentioned type of flat engine, further 
conceptional improvements, in particular to create multiple- 
20 cylinder internal combustion engines amid use of the flat- 
engine principle, the pistons of which, being connected by 
means of rigid piston rods, may act upon preferably one crank 
pin . 

This task is solved according to the invention by the 
25 characteristics laid down in the patent claims. 

The invention thus achieves, in a surprisingly simple manner, 
a compact engine construction and saves on a multiplicity of 
bearing locations, which improves the weight per unit of power 
and which reduces the constructive volume, and here in 
30 particular the constructive length. Additionally, constructive 
simplifications are achieved in relation to the crank drive, 
which also makes engine construction cheaper since only one 
crankshaft throw with one crank pinion is required for a four- 
cylinder engine. By the constructive respectively kinematic 
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separation of the two Scotch yokes for each opposite pair of 
working pistons, and in particular the star-shaped arrangement 
of the twp pairs of working cylinders/ during a rotation of 
the crankshaft certain counter-rotational movements of the two 
5 masses being moved vertically to each other occur so that a 
partial balancing of masses occurs between these two systems 
of masses. 

The balancing masses can be reduced and the smooth running of 
the internal combustion engine improved. Thus the life 
0 expectancy increases. Furthermore, the so-called building- 
block principle can be employed in a simple manner, so that 
engines of different efficiency ratings, can be realised with 
similar constructive units. 

The drawing shows an example of embodiment according to the 
5 invention by way of a four-cylinder internal combustion 
engine, which is described in the following. Shown are in: 

Fig. 1 - the internal combustion engine according to the 
invention in the plane of a section through the 
one pair of the axially equidistantly opposed 
cylinders; 

Fig. 2 - the internal combustion engine according to Fig. 
1 in a section plane parallel to the first 
section plane through the second pair of the 
axially equidistantly opposed cylinders; and 

Fig. 3 - in enlarged view a cross-section of the 

crankshaft area of the internal combustion engine 
according to Fig. 1. 

As shown in Fig. 1, the first pair of cylinders consists of 
the two working cylinders 1 and 2 which lie axially 
equidistantly opposite each other. In them there travel 
working pistons 3 and 4 at which piston rods 5 and 6 are 
rigidly attached. These on the other hand are rigidly 
connected to a Scotch yoke 7 which includes a rectilinear 
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connecting member 8, the longitudinal axis L8 of which is 
orientated at 90 degrees to the longitudinal axis LI, 2' of th 
two working cylinders 1 and 2. In the connecting member 8 
moves a link block 9 which runs in bearings rota t ably on a 
crank pin 10 of a crank throw 20 with its crankshaft 21, cf . 
Fig . 3 . 

The second pair of cylinders consists, as per Fig. 2, of the 
two working cylinders 11 and. 12 which also lie axial ly 
equidistantly opposite each other. Within them there travel 
working pistons 13 and 14, at which piston rods 15 and 16 are 
rigidly attached. These are on the other side rigidly 
connected to a Scotch yoke 17 which includes a rectilinear 
connecting member 18, the longitudinal axis L18 of which is 
orientated at 90 degrees to the longitudinal axis Lll,12 of 
the two working cylinders 11 and 12. 

Inside the connecting member 18 there moves a link block 19, 
which also rotatably runs in bearings on the crank pin 10 of 
the crank throw 20. The two longitudinal axes L8 and LIS of 
the two. connecting members 8 and 18 also, cross each other 
vertically . 

As can be seen in Fig. 3, the two Scotch yokes 7 and 17 lie 
next to each other on the crank pin 10 of the crank throw 20. 
The bearings of the crankshaft 21 is hot described nor 
represented in more detail, since it does not pertain to the 
invention . 

If one assumes the direction of rotation R of the engine to b 
clockwise, the two working pistons 13 and 14 travel upwards t 
the right, whereas the two working pistons 3 and 4 travel 
downwards to the right. These movements are transmitted to th 
crank pin 10 of the crankshaft 21 via the Scotch yokes 7 and 
17, which forces the former to carry out a rotational 
movement * 



As can be seen immediately from the above description of the 
new internal combustion engine, the synchronous running of al 
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four working pistons, achieved by the chosen arrangement of 
two Scotch yokes on one crank pin, has the advantage that the 
balancing mass corresponds to that of the transla tionaliy 
moving mass of a conventional two-cylinder unit. Thus the 
5 centrifugal force of each crankshaft position is exactly as 
large as the resulting mass of two two-cylinder units. There 
remains merely a residual mass force, resulting from the small 
distance of the piston rods, arranged at an offset of 90 
degrees, the masses moving translationally with these. 

10 This advantage is also achieved if more than four cylinders, 
namely in each case the even multiple of two, act upon a 
single crankshaft in the manner described, with the latter 
then having to possess the corresponding number of crank pins. 
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Claims 

1, Multiple-cylinder internal combustion piston engiri-e., the 
working cylinders: of which are arranged in pairs each 
and, aMally equidistantly opposed/ with a Scotch yoke 
drive for trans forming the trans 1 at ipnal movement of the 
working pistons and their piston rods rigidly .connected 
in rotational movement, of the crank throw, with two 
pistons rods each being immovably attached with their 
inner ends to the Scotch yoke, within the rectilinear 
connecting member of which that extends vertically to 
the longitudinal axis of the pair of working cylinders 
slides the crank pin of the crank throw, characterised 
in that on each crank pin (1.0) travel the connecting 
members (-8 and 18) of two respective Scotch yokes (7 and 
17) that serve to connect two opposite working pistons 
{3 and 4, as well as 13 and 14) each of four working 
cylinders M and 2, as well as 11 and 12} serially 
successively disposed in the axial direction, and that 
the longitudinal axis of the crankshaft and thus also 
the crank pin (10) extends in the directioTi -af the 
.serially successively disposed cylinder pairs {1 and 2 
as well as 11 and 12) , with serial successive 
arrangement also of the Scotch yokes (7 and 17) 
associated with each of the cylinder pairs having 
axially equally opposed cylinders (1 and 2, as well as 
11 and 12) . 

2. Multiple-cylinder internal combustion piston engine 
according to Claim 1, characterised in that, the 
longitudinal axes (LI, 2 and Lll, 12) of each two opposite 
working cylinder pairs (1 and 2, as well as 11 and 12) 
encompass an angle of 90 degrees and cross.: each other, 
and [that] the longitudinal axis [sic - Transl . ] (L8 
and LI 8) of the connecting members (8 and 18) of the 
serially successively arranged Scotch yokes (7 and 17} 
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sliding on the crank pin (10) are perpendicularly 
orientated to each other and thereby cross. 

Multiple-cylinder internal combustion piston engine 
according to Claim 1, characterised in that several 
working cylinder units (1/2, 11/12) of a crankshaft (21) 
that respectively make up the even multiple of two are 
associated with a corresponding number of crank pins 
(10) . 
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